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I, Keiji Ishibashi, declare that: 

L I am the inventor of the invention set forth and claimed in U.S. Patent application 

Serial No. 09/633,002, filed August 4, 2000, and entitled "A HOT ELEMENT CVD 

APPARATUS AND A METHOD FOR REMOVING A DEPOSITED FILM." 

2. On June 21, 1999, 1 prepared a Japanese language document entitled 
"Examination of Cat-CVD in-situ cleaning," VH4700-0631, w^hich is attached hereto as Exhibit 
1, together w^ith an English translation thereof. Exhibit 2. 

3. After preparation of the document. Exhibit 1, it was kept confidential within 
Anelva Corporation, my employer, and was distributed within the Corporation to a limited 
number of persons on a confidential basis. The document and the information contained therein 
were considered a company trade secret by the Corporation. 

4. I declare fiarther that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and further that 
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these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 

Keiji Ishibashi Date 
Attachments - Exhibits 1 and 2 
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VERIFICATION OF TRANSLATION 



I, the below named translator, hereby declare that: 

My name and post office address are as stated below; that I am knowledgeable in the Japanese 
language and in the English language; and that I believe the English translation of the attached 
Japanese paper is a true and complete translation. 

I hereby declare that all statements made herein of my knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1 001 of Title 1 8 of the United States Code and that 
such willfiil false statement may jeopardize the validity of any application based thereon. 



Full Name of Translator: 



Jiro NAKANISHI 



Signature of Translator: 




Post Office Address: 



Nakanishi Patent Office 

102 BiancaBldg. 

5-6-1 0 Hon-cho, Nakano-ku 

Tokyo 164-0012 

Japan 



Date: AJOite^b^ C> r20 CX3 
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West branch : Sae K, Fukunaga K 
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1 . Introduction 

The in-situ cleaning method for removing the films deposited inside the PCVD apparatus is already 
established. However, the in-situ cleaning method for Cat-CVD apparatus has not been proposed yet. 

Then, assuming that the retention time of cleaning gas on the filament becomes shorter at the high 
temperature and therefore the filament may be prevented from being etched by cleaning gas at a high 
temperature, I investigated tine in-situ cleaning in which a cleaning gas was decomposed witti a filament 
heated by electric current. 

2. Experiment method 

The apparatus C-9010 (B chamber) was used for experiments. Experiment conditions are shovwi 
below. 

<Conditions> 

Filament :Tungsten (W) wire with a diameter of 0.505mm and a length of 100 mm 

Supplied electric cun-ent: 1 6A (about 2000 **C) or 22A (about 2500 °C) 

Ultimate vacuum: 21- 25 Pa 
Cleaning gas: NF3 (1 00 seem) 
Cleaning pressure: about 40 Pa 
Under tiiese conditions, firstiy, electric current was supplied to the filament in the vacuum for 1 hour, and 
then NF3 is introduced for 1 hour at the same temperature. The diameter of wire was measured with a 
micrometer before and after tine processing. For comparison, the wire diameter was also measured before 
and after the 2-hour supply of electric current in the vacuum. Furthermore, in the case where NF3 was 
inti^oduced at the electric current of 22A, a Si wafer was placed 2cm or 1 5 cm away from the filament The 
wafer thickness was also measured with the micrometer before and after processing to obtain the etching 
rate. 

3. Result 

The result is shown in the Table. The diameter of wire was reduced even when each of electric currents 
of 16 A and 22 A was supplied in the vacuum atmosphere witiiout tfie cleaning gas. The diameter change 
was much larger tiian that (atx)ut 1 jim) expected from the vapor pressure of W at 2500 °C for 2 hours. 
This may be caused, by the oxidation of filament due to the low ultimate vacuum, increasing the filament 
evaporation. (This low ultimate vacuum was due to the leakage of chamber and the low-performance 
exhausting system having no main pump.) 
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Table: The changes of wire diameter when electric current was supplied to the filament for 2 hours in the 
vacuum atmosphere, and when the electric current was supplied to the filament in the vacuum atmosphere 
for 1 hour and thereafter in the NF3 gas atmosphere for 1 hour. 



Electric current [A] 
<Temperature fC] :> , 


Wire diameter change [ m] 
< before and after a processing > 


In vacuum (2h) 


In NF3 atmosphere (1h) 
after in vacuum (1h) 


16A 

<alx)ut 2000> 


-20 

<505 and 485> 


-39 

<505and466> 


22A 

<about2500> 


-30 

<505 and 475> 


-19 

<505 and 486> 



In the case where the electric current of 16 A was supplied( that is, the filament was heated to about 
2000 °C). the wire diameter was reduced more in the cleaning gas atmosphere than in the vacuum, 
showing that the filament was etched by NF3. In contrast, in the case where the electric current of 22A was 
supplied, the wire diameter was reduced less in the cleaning gas atmosphere than in vacuum, which may 
mean that the filament was not etched by NF3 at the filament temperature of 2500 °C. However, both ends 
of filament (which were close to feeding terminals and at lower temperature) were observed to be etched In 
the deanino oas atmosphere for each case of 16 A and 22 A. fThe wires were broken around these 
portions 1 .5 hours afterNFg was introduced in both cases,) 

In addition, when NF3 was introduced at electric current of 22 A and filament temperature of about 
2500 '"C, Si wafers which were placed atx)ut 2cm and 1 5cm away finom the filament were reduced by about 
10 ju m and 2.2 jt/ m in thickness, respectively, corresponding to the etching rates of atout 167 nm/min and 
37 nm/min, respectively. 



4. Conclusion 

The fbllowings are derived firom the experiment results, suggesfing the possibility of in-situ cleaning in 
Cat-CVD. 

Cleaning gas (NF3) can be decomposed by heating a filament to etch silicon. 
- The filament has tendency not to be etched at a high temperature (of about 2500 ""C ). 
However, there is required the measure to prevent the etching of filament ends (the lower-temperature 
portions near feeding terminals). 

[Impressions] 

The atx)ve-mentioned experiment was carried out to roughly evaluate the possibility of in-situ cleaning 
in Cat-CVD apparatus. Thus, I did not try to locate the leak portions or repair the leakage since tiie 
tremendous labor seemed to be required. As a result the wire diameter was reduced even when the 
electric current was supplied in the vacuum, which made it impossible to dearty make sure if the etching 
due to deaning gas would be prevented alttiough the tendency not to be etched at the current of 22 A was 
obsen/ed. Therefore. I am going to prove the etching will be completely prevented at high temperature and 
find out the measures to prevent the etching of filament at tiie ends in an actual Cat-CVD apparatus. 
Notwithstanding, since ttie film deposits most at tiie filament ends during film formation, such deposition is 
expected to prevent the etching of filament ends during the cleaning of chamber. 
[Appendix] 

The decomposition rates of a variety of fluorine-containing gases are shown as a function of temperatijre in 
the graph for reference, which was provided by Mr. Ohtake of UEKI Corporation. 
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